Abstract
Introduction
Tuberculosis (TB) has been recognized as an important cause of illness and death in humans for thousands of years [1] . Even in the 21st century, the disease remains a contemporary health problem, especially in countries with high social inequality [2] .
TB is endemic in Brazil. On average, there are 70,000 new cases and 4,000 deaths each year. In the last two decades, Brazil has made advances in controlling the disease, especially in mortality rate reduction and in expanding its direct treatment coverage in urban centres [3] . Most recently, the introduction of rapid molecular testing has simplified the process of diagnosing new cases. Despite these important advances, the disease remains one of the principal public health challenges in Brazil.
The main challenges in controlling the disease are high rates of treatment default, structural flaws in municipal control programmes, HIV co-infections, and-more recently-the emergence of drug-resistant bacterial strains, an association with diabetes mellitus, and the concentration of cases among vulnerable populations, mainly the homeless, migrant, refugee, prisoner, healthcare professional, and indigenous populations [2, [4] [5] [6] [7] .
Research interest in TB among indigenous populations in Brazil has increased in recent years, especially after the official Manual of Recommendations for the Control of Tuberculosis (Manual de Recomendações para o controle da Tuberculose) highlighted their plight [8] . We now know that TB disproportionately affects indigenous populations; the incidence rates registered in these populations are systematically higher than those in the general population at both the regional and national levels [9] [10] [11] [12] [13] .
Recently, the Ministry of Health, through the National Program for Tuberculosis Control (Programa Nacional de Controle da Tuberculose (PNCT)), ratified this situation by reporting that, based on colour and race category data from the System for Notifiable Disease (Sistema de Informação de Agravos de Notificações (SINAN)), the average TB incidence for patients who declared themselves 'indigenous' was 93.5/100,000 inhabitants in 2011, a figure nearly three times higher than the average registered for the entire population of the country during the same year [14] . Despite this knowledge, epidemiological studies aiming to explore and understand the roles of ethnic and racial inequality among risk factors for TB are scarce in Brazil [15, 16] .
In this context, the aim of this study is to analyse clinical and sociodemographic aspects and follow-up for reported cases of TB in Brazil and to explore inequalities in incidence rates and outcome according to colour or race and geographic macro-region.
In Brazil, TB is a disease for which notification is compulsory and treatment is offered free of charge when a case is reported to the SINAN. Thus, all cases known to the Brazilian public health system (Sistema Único de Saúde (SUS)) during the study period were included.
Variables and criteria for inclusion and exclusion
The following variables were analysed: i) sociodemographic factors, including sex, age group (0-9 years, 10-19 years, 20-44 years and 45 years), colour or race (white, black, Asian, mixed, and indigenous), educational level (illiterate, 1-8 years, 9-11 years, 12 or more years, unknown, and not applicable), origin (urban, rural, urban/rural and unknown), and macroregion (North, Northeast, Central-West, South, and Southeast); ii) clinical factors, including the clinical form of TB (pulmonary, extrapulmonary, both pulmonary and extrapulmonary) and the examinations used for diagnosis (bacilloscopy and sputum culture, thorax radiography, tuberculin test, HIV serology test); iii) follow-up variables, including control bacilloscopies in the 2nd, 4th, and 6th months of treatment, as well as data on supervised treatment and testing of contacts; and iv) treatment outcome, including cure, treatment default, death (from TB), and incidences of drug-resistant TB.
In Brazil, urban/rural areas are called "peri-urban" and are considered as areas located beyond the city suburbs-a space where rural and urban activities are mixed. Peri-urban areas make it difficult to determine the physical and social limits of urban and rural spaces.
We use the terminology formally adopted by the Brazilian Institute of Geography and Statistics (IBGE), which acknowledges the difficulty of measuring people's race or ethnicity. Therefore, IBGE surveys instead ask people their phenotype, as expressed by skin colour. This allows health professionals and researchers to use the same terminology to facilitate data acquisition and question standardization and improves the ability to make data comparisons. Ethnicity is based on a person's self-declared skin colour and includes the following categories: 'white', 'black', 'mixed', 'Asian', and 'indigenous' [17] . In Brazil, the "mixed" ethnic category is called "Pardo," which means a mixture of European, black and Amerindian.
This study included all cases of TB where the variable 'type of entry' was designated as either 'new case' or 'unknown' and excluded cases where the 'type of entry' involved a diagnostic error and the variable 'outcome' was classified as 'change of diagnosis'. The study period covered the period from 01/01/2008 to 31/12/2011.
The SINAN database, which includes notified TB cases in Brazil, was obtained from the PNCT in August 2013. Duplicate cases had already been removed.
Analysis
Following the recommendations of the PNCT [8] , the incidence rate was calculated as a fraction using the total number of cases where 'type of entry' was classified as either 'new case' or 'unknown' as the numerator, while the denominator consisted of the total Brazilian population at risk during the calendar years 2008, 2009, 2010 , and 2011, multiplied by 100,000.
To define the populations used to calculate the incidence rates, yearly population estimates by macro-region and for each colour/race category during the intercensus period were employed, using geometric interpolation for 2008 and 2009 and extrapolation for 2011, based on the demographic census results from 2000 and 2010 [18] .
For the analysis of the operational indicators related to the follow-up of TB cases, we used an empirical classification system developed by Orellana et al. [19] , which considers three recommendations from the 'III Diretrizes para TB' by the Brazilian Society for Pulmonology and Phthisiology (Sociedade Brasileira de Pneumologia e Tisiologia (SBPT)) [20] : 1) whether the notified case underwent control bacilloscopies at the 2nd, 4th, and 6th months of treatment; 2) whether examinations of contacts were registered; and 3) whether the treatment occurred under supervision. Cases where none or only one of the three recommendations were performed were classified as 'inadequate follow-up'. Cases where two of the recommendations were performed were classified as 'poor follow-up'. Cases where all three recommendations were performed were classified as 'good follow-up'. Finally, cases where treatment occurred under supervision, examinations of contacts were registered and at least two bacilloscopies were accomplished were classified as 'excellent follow-up'.
All analyses conducted within this investigation were stratified to elucidate possible inequalities between the colour/race categories and the geographic macro-regions of Brazil.
The data were structured in electronic spreadsheets using Microsoft Excel 2010 (Microsoft Corp., Redmond, WA, USA), and analyses were carried out using the Statistical Package for the Social Sciences, version 20.0 (SPSS Inc., Chicago, IL, USA).
Ethical considerations
The study was approved by the Ethical Research Committee of the Escola Nacional de Saúde Pública/FIOCRUZ (CEP/ENSP), protocol number: CAAE: 14643713.0.0000.5240.
Results
During the study period, 278,674 new cases of TB in Brazil were reported to the SINAN. The number of new case notifications among the macro-regions was highest in the Southeast region (129,573 cases, 46.5%) and lowest in the Central-West region (12,367 cases, 4.4%).
During the study period, compliance in the completion of the field "colour or race" increased: the proportion of 'unknown' entries decreased from 16.2% in 2008 to 7.8% in 2011. Among the notified cases that presented valid information on this variable, an increase of 13.5% was observed in the proportion of the population referring to themselves as 'mixed' colour or race-from 36.6% in 2008 to 42.3% in 2011. Entries of 'indigenous' represented 1.1% of the notifications in 2008 and 1.2% in 2011 ( Table 1) .
The average incidence rate of all forms of TB in Brazil was 36.7 cases per 100,000 people from 2008-2011. The incidence rate decreased slightly during the study years, from 37.1/ 100,000 in 2008 to 36.7/100,000 in 2011. However, we found a heterogeneous distribution between the macro-regions. The North region presented the highest incidence rates of the country between 2009 (43.8/100,000) and 2011 (43.2/100,000); however, in 2008, the Southeast region had the highest incidence rate (41.5/100,000). In contrast, the lowest incidence rates were observed in the Central-West region, with 22.8/100,000 in 2008 and 22.2/100,000 in 2011 (Fig 1) .
The indigenous population showed the highest incidence rates in all macro-regions except the South, where higher incidence rates were found in the black population: 83.9/100,000 in 2008 and 91/100,000 in 2011. The increase of 18.8% in the incidence rate for the indigenous population in the Central-West region between 2008 and 2011 stood out, increasing from 162.8/100,000 to 195.7/100,000 during that period. The lowest incidence rates were observed in individuals self-classified as 'white' in all the macro-regions except the South, where the 'mixed' population presented the lowest rates (Fig 1) .
TB notifications were more frequent among men (65.7%) than among women, with an average national ratio of 1.9:1.0 ( Table 2 ). The ratio between men and women varied according to the colour/race category and was highest among the black population (2.0:1.0) and lowest in the indigenous population (1.5:1.0).
Individuals aged 20-44 years comprised the majority of notified cases in all colour/race categories. Nevertheless, there were noteworthy variations, particularly in the numbers of notified cases for the age group 0-9 years. Indigenous children in this age group presented the highest rate (9.8%). In contrast, all other colour/race groups presented rates below 2.5%. Counterintuitively, the indigenous population had the lowest rate of TB cases in the age group 45 years or more (27.5%) ( Table 2 ). More than a third (38.3%) of the notifications included no data for the variable 'education', with similar percentages of missing information across all colour/race categories; the lowest rate was found in the 'mixed' population (29.9%) and the highest in the 'Asian' population (39.0%). The indigenous population had the highest proportion of illiterates (16.0%), followed by the black population (7.2%) ( Table 2) .
Regarding the variable 'area of residence' in the country as a whole, 66.3% of the notified TB cases occurred among people living in urban areas. This was true for all colour/race categories except 'indigenous', of whom 54.2% lived in rural areas ( Table 2) .
The first and second sputum smear samples for diagnosis were not performed in approximately one quarter of the cases; the lowest frequency occurred in diagnoses of white patients (23%). Sputum culture was not performed in 77.3% of cases, with the lowest percentage of non-compliance among the indigenous population (68.4%) and the highest among the 'mixed' population (80.3%) ( Table 3) .
Thorax radiography assessments revealed high rates of results suggestive of TB among all colour/race categories, with a slightly higher rate in the black population (81%). Tuberculin tests were not performed in more than half (56.7%) of all notified TB cases, with the highest rates of non-compliance in the black and the 'mixed' populations (both 64.6%) ( Table 3) . Pulmonary tuberculosis was reported in 82.3% of all cases, making it the most common clinical presentation of the disease among all colour/race categories. The highest rate of pulmonary tuberculosis was found in the indigenous population (86.6%). Extrapulmonary tuberculosis was predominantly reported in the white population (17%) compared to the other colour/ race categories (Table 3) .
In 33.4% of the notified cases, HIV testing did not take place. The lowest rates of HIV testing were found in the indigenous population (59.6%), while the highest rates of HIV testing were found in the white population (71.7%) ( Table 3) .
More than 40% of the control bacilloscopies (in the 2nd, 4th, and 6th months of treatment) did not take place. It is noteworthy that only 40.2% of cases received directly observed treatment (DOT), with a markedly higher rate of DOT among the indigenous population (68.6%).
'Cured' was the most common outcome for all colour/race categories. The highest cure rate was observed in the indigenous population (76.8%), and the lowest rate was observed in the black population (70.7%). Treatment default rates were also highest in the black population (10.5%) and lowest in the indigenous population (6.9%). Death by TB was most common in the black population (3.4%) and least common in the indigenous population (2.8%) ( Table 3) .
Rates of cure were lower in cases where the follow-up was classified as inadequate (58.3%). High death rates and treatment default rates were remarkable in cases in which the follow-up was classified as inadequate (5.4% and 12.5%, respectively) in all colour/race categories (Fig 2) . It can be observed that treatment outcome is generally successful in cases with adequate follow-up. Better patient follow-up classifications resulted in higher cure rates (96.8) and lower rates of treatment default (Fig 2) .
Discussion
Our findings confirmed that although TB remains at an endemic level in Brazil, its geographical distribution has become homogenous among the macro-regions of the country in recent years. Marked ethnic and racial inequalities were observed regarding the clinical, epidemiological, and operational aspects of the disease, the follow-up of cases in treatment and treatment outcomes.
As described by other authors [21, 22] , our findings note higher incidences of TB in the North and Southeast regions of Brazil and lower incidences in the Central-West region. However, when the data are stratified by 'colour or race' in these regions, hitherto unknown incidence patterns surface-in particular, the higher burden of disease among indigenous and black people compared to other categories. It is worth noting that in this study, the CentralWest region-where the number of TB notifications has traditionally been low in comparison with other regions-registered the highest incidence rates of TB in the indigenous population: more than 6 times higher than the national average.
In turn, high incidence rates of TB were found in the black population, reaching a peak of 93.3/100,000 in 2009, which exceeded the average incidence rate in the general population more than three times. The highest rates were detected in the South region, which has the best indicators of health and human development in the country [23] . Although the black population represents only approximately 4% of the population in the South region, 11.4% of TB case notifications during the period 2008-2011 occurred in this segment of the population in the South.
As was noted in a study by Chiavegatto-Filho and Laurenti [24] , the inequalities in TB indicators between black patients and other patients can be explained by the more precarious living conditions among the black population, which include lower incomes and more limited access to health services.
The indigenous population's vulnerability to TB bears similarities to the black population in the South region and can be explained similarly by poverty and limited access to health services as well as certain other characteristics of indigenous households. Generally, indigenous homes are small and crowded, with little natural light and ventilation. These characteristics contribute to the preservation of the TB bacillus in this environment and favour the spread of the disease [25] .
Although approximately half of the notifications were concentrated in the age group 20-44 years in all colour/race categories, high morbidity rates in indigenous children were featured prominently in all regions. The rates of TB among indigenous children were substantially higher than the 5% expected by the PNCT among children up to 15 years in the general population of Brazil [8] . Cases of TB in children under 10 years of age, independent of colour or race, can be considered as an indicator for active transmission of TB in the community due to their contact with bacilliferous adults, and are a sign of failed contact surveillance, especially in indigenous villages located in the remote hinterland areas of Brazil [26] .
From this perspective, the high rates of TB case notification among the indigenous population living in rural areas are startling [27] . Various studies based on primary data from the indigenous communities have revealed high TB incidence rates [15, 16, [28] [29] [30] , particularly among children and adolescents [16, 26, 29, 31] , prevalence rates of latent TB infection surpassing 40% [32] , and patterns of recent transmission in some indigenous villages in Brazil, supporting our hypothesis of continuous TB transmission in these locations [26, 33] .
In addition, some authors have proposed theories that these high incidence rates could be associated with genetic polymorphisms inducing an inefficient immune cell response that would direct the course of the infection and leave the indigenous population more vulnerable to the disease [34, 35] . However, despite such theories, there is strong evidence that it is the situation of extreme poverty in which these populations live-where hunger, a permanent state of food insecurity, unemployment, and low income or no source of income are coupled with a high prevalence of malnutrition, anaemia, and intestinal parasites-that contributes to the continued high TB burden in the Indigenous Territories [13, 27, [36] [37] [38] [39] [40] .
The highest rates of illiteracy were also found among the indigenous TB patients, followed by black patients. According to San-Pedro and Oliveira [41] , these low educational levels are closely associated with the precarious socioeconomic conditions that further increase their vulnerability to TB infections as well as a host of other diseases related to poverty. A likely explanation for this disparity is that, for the indigenous population, access to formal education is still difficult, particularly in the North region of Brazil. However, the variable 'education' in the SINAN database is often omitted or only partially completed, which obstructs further analysis of this theme.
A higher number of negative results in the bacilloscopies of the 1st and 2nd sputum samples was observed in the indigenous population, which could be partly explained by inadequate orientation of the patient at the time of sample collection or-as proposed by recent studies-by inappropriate storage and transport of the samples and technical incompetence resulting in incorrect reading of the sputum smears [25, 28, 42] .
According to the 'III Diretrizes para TB' by the SBPT, sputum culture is recommended for suspected cases of TB that present a negative bacilloscopy and is considered the most accurate diagnostic tool for TB [20] . Unfortunately, our analysis has shown that sputum culture is underused in practically the entire country. Given this finding, it was noteworthy that sputum culture was employed at the highest rate in the indigenous patient population, in contrast to the examination levels observed in the other colour/race categories.
It is also noteworthy that sputum culture occurred most frequently in the Central-West region of the country. According to recent studies, [24, 26] , the laboratory services for the diagnosis of TB in the indigenous population in the state of Mato Grosso do Sul, which is home to the 2nd-largest indigenous population contingent in Brazil, have been improving for at least a decade. This could partly explain our findings.
The predominance of thorax radiography over sputum bacilloscopy as a diagnostic examination for TB was also observed in all colour/race categories. These findings can probably be explained by its low cost, the availability of radiography equipment in the healthcare units, and the relative ease of performing this examination. When radiography is well indicated in diagnostic investigations of respiratory symptoms, the results can produce valuable clinical information [43] .
Low rates of tuberculin tests were also found in all notified cases in the country. However, in cases where tuberculin tests were used, high rates of skin reactions above 10 mm were registered among indigenous patients. As has been proposed by other authors [28, 34] , this fact supports a scenario of high prevalence rates of Mycobacterium tuberculosis infection in this population.
Despite the recommendations by the World Health Organization (WHO) that all cases diagnosed with TB should be offered an HIV test [8] , we found important inequalities in the access to this test among the colour/race categories. Most prominently, the lowest rates of HIV testing were found among the indigenous population, while the highest rates of HIV testing were found among the white population (28.3%). In a recent study, Basta et al. [16] identified a similar pattern of non-compliance with the recommendations for HIV testing in the indigenous population in Mato Grosso do Sul. HIV tests were not performed for approximately half of all notified TB cases among the indigenous population. As a result, the healthcare service misses out on the opportunity to detect, manage, and control TB/HIV coinfection in this population.
Performing control bacilloscopies in the 2nd, 4th, and 6th months of treatment is considered fundamental for successful follow-up of TB cases. However, our analysis showed that in more than 50% of the cases, there were no control test registrations. According to a study by Belo et al. [15] , in municipalities in the Amazon region along the northern arch of Brazil's international borders, the cases where bacilloscopy was not performed or performed only once presented a 12-fold increased risk of treatment default compared to cases where two or more bacilloscopies were performed during the treatment schedule. These authors argue that performing control bacilloscopies is a potential way of creating a bond between the patients and the healthcare service, and thus, such procedures contribute to reducing the risk of treatment default.
In accordance with WHO recommendations, all cases of TB must receive directly observed treatment (DOT) [8] . However, our data reveal that DOT failed to reach 100% of cases in all colour/race categories. Despite this failure, the high rates of DOT among the indigenous population (in contrast to the black population, which presented the lowest rates) indicate that-at least in this respect-the healthcare service organizations have achieved a remarkable level of follow-up among the indigenous population. However, it is of concern that no specific policy has been directed at the black population thus far, despite this population's high vulnerability to TB [44] .
The analysis of the outcomes of notified TB cases showed that no colour/race category reached the objectives for cure established by the PNCT [8] . Similar to findings from other studies [15, 16] , the highest cure rates were registered among the indigenous patients. We observed the lowest cure rates (70.7%) and the highest rates of treatment default (10.5%) and death by TB (3.4%) among the black population. These findings demonstrate that there is great disparity in treatment follow-up between the colour/race categories and call for additional efforts to reach the goals agreed on with the WHO, especially regarding TB control in populations who live in vulnerable situations.
Although exclusively empirical, the classification of the follow-up system for patients employed in this study is congruent with the evaluation logic of the PNCT, showing that treatment success is directly linked to the structuring and surveillance capacity of the healthcare service. Patients who undergo supervised treatment and are duly followed up with during treatment have higher rates of cure, lower rates of default, and lower frequencies of complications and death.
Even though this study yielded multiple findings, the following limitations must be mentioned. Studies based on secondary data are subject to under-registration of cases, classification and/or diagnostic errors, and low representativeness of specific population segments. Moreover, analyses are limited to the variables as they are structured in the information systems [45, 46] .
Although we have shown that important improvements have occurred in completing entries for the variable 'colour or race' in recent years, gaps still exist in completing entries for some other variables in the SINAN. In certain situations, it is possible that there has been systematic error in acquiring complete entries for variables in the SINAN, which would mean that the estimates are distorted. Theoretically, such errors compromise the identification of the true disease profile of TB in Brazil [45, 47] . However, there is no reason to believe that possible classification errors have affected the registration of the variable 'colour or race'. According to a recent document published by the Brazilian Ministry of Health [14] , reasonable progress has been made in completing entries for the variable 'colour or race' in national health information systems. Moreover, the data make it possible to undertake analyses that aim to elucidate inequalities in indicators for various diseases and deaths in recent times. In this respect, we think that the analyses presented in this study are useful for demonstrating inequalities in the distribution of TB across categories of 'colour or race', both among and within the macro-regions of Brazil.
Another point to consider is that in the colour/race category, 'indigenous' covers the entire ethnic and cultural diversity of the indigenous peoples of Brazil. According to the last national census (2010), this is one of the most ethnically and culturally diverse populations on the planet; it includes more than 300 ethnic groups speaking more than 200 different languages [48] . The current categories available in the registration of disease and death in Brazil conceal this diversity. At least, regarding TB, it is known that the distribution of the disease is not homogenous among the indigenous peoples because concentrations of cases exist in some groups in the Amazon Basin and in the Central-West region of the country.
Considering the limitations outlined, the results presented here should be interpreted with caution. In particular, it is important to not speculate that the observed differences in TB disease indicators could be attributed to problems of a genetic or biological nature [49] . As in other parts of the world, the concept of ethnicity in Brazil is the product of complex historical and social constructions. From this perspective, the racial differences observed in the indicators for health seem to be more associated with socioeconomic inequalities and access to healthcare and educational services than with genetic risk markers or other biological parameters [50, 51] .
